
(12) United States Patent 
Tanaka et al. 

USOO8308635B2 

(10) Patent No.: 
(45) Date of Patent: 

US 8,308,635 B2 
Nov. 13, 2012 

(54) ENDOSCOPE SYSTEM 

(75) Inventors: Hideki Tanaka, Tama (JP); Jun 
Hasegawa, Hino (JP); Toshio 
Nakamura, Hachioji (JP) 

(73) Assignee: Olympus Medical Systems Corp., 
Tokyo (JP) 

Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 1008 days. 

(*) Notice: 

(21) Appl. No.: 12/330,994 

(22) Filed: Dec. 9, 2008 

(65) Prior Publication Data 

US 2009/O149711 A1 Jun. 11, 2009 

(30) Foreign Application Priority Data 

Dec. 10, 2007 (JP) ................................. 2007-318658 

(51) Int. Cl. 
A6 IB I/00 (2006.01) 

(52) U.S. Cl. ....................................................... 6OO/152 
(58) Field of Classification Search .................. 600/117, 

600/145, 146, 152 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

5,658.238 A 8, 1997 Suzuki et al. 
6.295,368 B1* 9/2001 Hasegawa et al. ............ 382/128 

2007/0112255 A1 5/2007 Ikeda et al. ................... 600,146 

34 

32 33 36a 36b 36c 3 

A WINXNX 34-36E. 

2007/0149852 A1* 
2007/0173694 A1* 
2008/0045794 A1* 
2009/0048488 A1* 

6/2007 Noguchi et al. .............. 600,144 
7/2007 Tsuji et al. ......... ... 600,146 
2/2008 Belson ....... ... 600/145 
2/2009 Uchimura .......... ... 600,152 

... 600,106 2009/0299136 A1* 12/2009 Hasegawa et al. . 
2010/0298.641 A1* 11/2010 Tanaka ............... ... 600,109 
2011/0237889 A1* 9, 2011 Tanaka .......................... 600,118 

FOREIGN PATENT DOCUMENTS 
CN 101026988 A 8, 2007 
EP 1800 593 A1 6, 2007 
EP 1818 005 A1 8, 2007 
EP 1884 185 A1 2, 2008 
JP O7-000346 1, 1995 
JP 2006-192056 T 2006 
JP 2007-054307 3, 2007 
WO WO 2007/023631 A1 

* cited by examiner 
3, 2007 

Primary Examiner — Rodney Fuller 
(74) Attorney, Agent, or Firm — Scully, Scott, Murphy & 
Presser, P.C. 

(57) ABSTRACT 
An endoscope system includes an endoscope with a bending 
portion installed on a distal side of an insertion portion; a 
bending drive unit which drives and bends the bending por 
tion electrically; a map information storage unit which stores 
map information digitized by associating an amount of bend 
ing and a corresponding three-dimensional position and 
direction of a distal end of the insertion portion with each 
other, with a position near a rear end of the bending portion 
being designated as a reference position; a position and direc 
tion detecting unit which detects the position and direction of 
the distal end of the insertion portion; and a bending control 
unit which controls the bending drive unit to orient the distal 
end of the insertion portion into a target direction using the 
map information. 

20 Claims, 13 Drawing Sheets 
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ENDOSCOPE SYSTEM 

This application claims benefit of Japanese Application 
No. 2007-318658 filed in Japan on Dec. 10, 2007, the con 
tents of which are incorporated herein by this reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an endoscope system used 

to conduct endoscopy with an endoscope inserted in a Subject. 
2. Description of the Related Art 
Recently, endoscopes have come into wide use in the field 

of medicine. The endoscopes have an elongated insertion 
portion which is inserted into a subject. A bending portion 
configured to be bendable is installed on a distal side of the 
insertion portion. 
The bending portion of the endoscope is operated by pull 

ing and relaxing a wire from a rear side of the insertion 
portion, but there are also motor-operated endoscopes which 
operates the bending portion using driving force of a motor 
serving as bending drive means to improve operability of the 
bending portion. 

However, when conducting endoscopy in a crooked body 
cavity Such as an intestinal tract, it is difficult for an inexpe 
rienced Surgeon to move a distal end of the endoscope to a 
target position and pass through a target line (e.g., a center 
line of the intestinal tract). 

To deal with this, there is an endoscope system which 
determines, based on endoscopic images, in what direction 
the distal end of the endoscope should be directed (e.g., 
toward a dark part), determines a target position for the distal 
end of the endoscope based on the direction thus determined, 
and performs bending operations to bring current position of 
the endoscope’s distal end into coincidence with the target 
position for the distal end of the endoscope. 
On the other hand, Japanese Patent Application Laid-Open 

Publication No. 2006-192056 discloses an endoscope control 
unit which includes a bending operation storage means which 
stores bending operations of a bending portion; and param 
eter storage means which prestores operation parameters cor 
responding to the bending operations of the bending portion, 
wherein the endoscope control unit controls an amount of 
bending of the bending portion by retrieving an operation 
parameter corresponding to a bending operation of the bend 
ing portion from the parameter storage means. 
The parameter storage means stores data on a total number 

n of bend commands, counted from immediately after pro 
duction of the endoscope system, given by a bend command 
input means with respect to which direction to operate the 
bending portion, up, down, left, or right. 

The conventional example discloses a technique for per 
forming bending operations using settings information 
which, being prestored in memory, represents pulse widths 
(of a drive signal) corresponding to different numbers of 
bends. 

SUMMARY OF THE INVENTION 

An endoscope system according to one aspect of the 
present invention includes: an endoscope in which a bending 
portion configured to be bendable is installed on a distal side 
of an insertion portion; a bending drive unit which drives and 
bends the bending portion electrically; a map information 
storage unit which stores map information digitized by asso 
ciating an amount of bending, including a bending direction, 
produced when the bending portion is bent and a three-di 
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2 
mensional position and direction of a distal end of the inser 
tion portion corresponding to the amount of bending with 
each other, with a position near a rear end of the bending 
portion on the distal side of the insertion portion being des 
ignated as a reference position; a position and direction 
detecting unit which detects the three-dimensional position 
and direction of the distal end of the insertion portion; and a 
bending control unit which controls electrically-driven bend 
ing performed by the bending drive unit so as to orient the 
distal end of the insertion portion into a target direction using 
the map information. 
An endoscope system according to another aspect of the 

present invention includes: an endoscope which includes an 
insertion portion equipped with a bending portion configured 
to be bendable; a map information storage unit which stores 
map information digitized about a locus of a three-dimen 
sional position and direction of a distal end of the insertion 
portion generated when the bending portion is bent, with a 
position near a rear end of the bending portion being desig 
nated as a reference position; a direction-of-the-distal-end 
calculating unit which calculates a current direction of the 
distal end of the insertion portion using the map information 
when a current three-dimensional position of the distal end of 
the insertion portion is specified; a direction-of-the-target 
position calculating unit which calculates a direction of the 
target position into which the distal end of the insertion por 
tion is to be oriented using the map information; and a bend 
ing control unit which bends the bending portion to move the 
distal end from the current position toward the target position 
based on calculation results produced by the direction-of-the 
distal-end calculating unit and the direction-of-the-target-po 
sition calculating unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a configuration of an endo 
Scope system according to a first embodiment of the present 
invention under exemplary conditions of use; 

FIG. 2 is a diagram showing an exemplary appearance of 
an endoscope apparatus; 

FIG. 3 is a diagram showing an internal configuration of an 
endoscope; 

FIG. 4 is a diagram showing an exemplary arrangement of 
coils on a distal side of an insertion portion; 

FIG. 5 is a diagram showing a detected insertion shape; 
FIG. 6A is a diagram showing exemplary insertion shape 

data; 
FIG. 6B is a diagram showing exemplary frame data; 
FIG. 6C is a diagram showing exemplary coil coordinate 

data; 
FIG. 7 is a diagram showing a function block configuration 

of a PC proper; 
FIG. 8 is a diagram showing a function block configuration 

of a main processing unit; 
FIG. 9 is a flowchart of processing procedures for creating 

a map: 
FIG. 10 is an explanatory diagram showing how map data 

is created; 
FIG. 11 is an explanatory diagram showing coordinates 

and the like of an endoscope's reference position and distal 
end when a map is created; 

FIG. 12A is a side view of the map expressed in a three 
dimensional coordinate system at the distal end of the endo 
scope, as viewed from below upward in a direction of bend 
1ng 
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FIG. 12B is a side view of the map expressed in the three 
dimensional coordinate system at the distal end of the endo 
scope, as viewed from right to left in the direction of bending: 

FIG. 13 is a flowchart showing bending control procedures 
according to the present embodiment; 

FIG. 14 is a flowchart showing procedures for calculating 
target pulley angles using map information; 

FIG. 15 is an explanatory diagram showing how an Up 
direction of the distal end of the endoscope is made to coin 
cide with a y-axis direction; 

FIG. 16 is an explanatory diagram showing how a quater 
nion is used; 

FIG. 17 is an explanatory diagram showing how to calcu 
late target pulley angles used to bend the distal end of the 
endoSeope from a current setting to a target position; 

FIG. 18 is an explanatory diagram showing how a fold is 
held down by the distal end of the endoscope; and 

FIG. 19 is a block diagram showing a configuration of an 
endoscope and PC proper according to a variation of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment of the present invention will be 
described below with reference to the drawings. 

FIGS. 1 to 18 relate to a first embodiment of the present 
invention. FIG. 1 shows a configuration of an endoscope 
system according to the first embodiment of the present 
invention under exemplary conditions of use, FIG. 2 shows an 
exemplary appearance of an endoscope apparatus, FIG. 3 
shows an internal configuration of an endoscope, FIG. 4 
shows an exemplary arrangement of coils on a distal side of an 
insertion portion, and FIG. 5 shows a detected insertion 
shape. 

FIGS. 6A to 6C show exemplary insertion shape data, 
exemplary frame data, and exemplary coil coordinate data, 
FIG. 7 shows a function block configuration of a PC proper, 
FIG. 8 shows a function block configuration of a main pro 
cessing unit, FIG.9 shows processing procedures for creating 
a map, and FIG. 10 illustrates how map data is created. 

FIG. 11 shows coordinates and the like of an endoscope's 
reference position and distal end when a map is created, 
FIGS. 12A and 12B show the generated map three-dimen 
sionally, FIG. 13 shows bending control procedures accord 
ing to the present embodiment, and FIG. 14 shows procedures 
for calculating target pulley angles using map information. 

FIG. 15 illustrates how an Up direction of the distal end of 
the endoscope is made to coincide with a y-axis direction, 
FIG. 16 illustrates how a quaternion is used, FIG. 17 illus 
trates how to calculate target pulley angles used to bend the 
distal end of the endoscope from a current setting to a target 
position, FIG. 18 shows how a fold is held down by the distal 
end of the endoscope. 
As shown in FIG. 1, an endoscope system 1 according to a 

first embodiment of the present invention includes an endo 
Scope apparatus 6 which in turn includes an endoscope 2 used 
for endoscopy, light Source device 3, processor 4, and endo 
Scope monitor 5; a personal computer proper (hereinafter 
abbreviated to a PC proper)7 which performs image process 
ing of endoscopic images picked up by the endoscope 2 and 
bending control; a PC monitor 8; and a UPD apparatus 11 
serving as means for endoscope shape detection including 
position detection at least on a distal side of an insertion 
portion 9 of the endoscope 2. 
As shown in FIG. 1, the endoscope 2 has the elongated 

insertion portion 9 and inserted into a body cavity (lumen) of 
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4 
a patient 13, i.e., a Subject, lying on a bed 12, and an operation 
portion 14 installed at a rear end of the insertion portion 9. A 
connector at an end of a universal cable 15 extending from the 
operation portion 14 is connected to the light source device 3 
which generates illuminating light as well as to the processor 
4 serving as a signal processing unit which performs signal 
processing. 
As shown in FIG. 2, the insertion portion 9 includes a distal 

end portion 10 installed at a distal end of the insertion portion 
9, a bending portion 18 configured to be bendable and 
installed at a rear end of the distal end portion 10, and a 
flexible portion 19 configured to be flexible and extending 
from a rear end of the bending portion 18 to an operation 
portion 14. 
The operation portion 14 contains, for example, a joystick 

21 serving as bend command input means used to give a 
command to bend the bending portion 18 in a direction 
desired by an operator 20. By operating the joystick 21 the 
operator 20 can electrically bend the bending portion 18 via a 
motor unit 22 installed in the operation portion 14 and serving 
as electrical bending drive means. 
When the operator 20 selects an automatic bending control 

mode (described later), the PC proper 7 performs motor con 
trol for electrical bending control of the bending portion 18 
via the motor unit 22 so that the distal side of the insertion 
portion 9 will turn to a running direction of a lumen through 
which the insertion portion 9 is passed. 

Also, as shown in FIG.1, an amount-of-twist detecting unit 
is installed, for example, on an outer periphery of the rear side 
of the insertion portion 9 to enable detecting an amount of 
twist (amount of rotation) when the insertion portion 9 is 
twisted around its axis. 
The endoscope apparatus 6 shown in FIG. 1 has an appear 

ance such as shown in FIG. 2. In FIG. 2, the PC proper 7 
constitutes a component of the endoscope apparatus 6 as a 
control unit for the motor unit 22 in the endoscope 2. 

Although the joystick 21 is used for the endoscope 2 in 
FIG. 1, a joypad may be used as bend command input means, 
as shown in FIG. 2. 

In addition to a regular bending control mode in which the 
operator 20 inserts the endoscope 2 by manually operating the 
joystick 21 serving as bend command input means with the 
distal end portion 10 turned in the running direction of a 
lumens the endoscope system according to the present 
embodiment has an automatic bending control mode which 
involves estimating three-dimensionally a position of a dark 
part in a lumen (as a target position) from endoscopic images 
through image processing, estimating an insertion shape on 
the distal side of the insertion portion 9, and thereby control 
ling electrically bending of the bending portion 18 so that the 
distal end of the insertion portion will turn to the target posi 
tion. Incidentally, the term “distal end of the insertion por 
tion' and the term “distal end of the endoscope' are used 
interchangeably herein. 
As shown in FIG. 3, a light guide 31 which transmits 

illuminating light is passed through the insertion portion 9. A 
rear end of the light guide 31 is connected to the light source 
device 3 via the operation portion 14 and universal cable 15 
shown in FIG. 1 or FIG. 2. 

Illuminating light from a lamp (not shown) in the light 
source device 3 is incident upon a rear end face of the light 
guide 31. Then, the illuminating light transmitted by the light 
guide31 is emitted forward from a light guide's frontend face 
fixed to an illuminating window in the distal end portion 10. 
The illuminating light emitted forward through the illumi 

nating window along a longitudinal axis of the insertion por 
tion 9 illuminates an area ahead along a longitudinal axis of 
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the body cavity in which the insertion portion 9 is inserted. As 
shown in FIG.3, an objective lens 32 which forms an optical 
image is mounted in an observation window installed adja 
cent to the illuminating window, and its observation field of 
view or range of image pickup is illuminated by the illumi 
nating light. 
The objective lens 32 which forms an optical image and, 

for example, a CCD33 placed as a solid-state image pickup 
element at an image focus location are included in an image 
pickup apparatus 34 serving as image pickup means. 
A CCD output signal or image pickup signal photoelectri 

cally converted by the CCD33 is inputted in the processor 4. 
The processor 4 performs signal processing of the image 
pickup signal, and thereby generates, for example, an RGB 
signal and the like as an endoscopic image signal (video 
signal) used to display an endoscopic image on the endoscope 
monitor 5. The endoscopic image signal is inputted in the 
endoscope monitor 5, and consequently the endoscopic 
image is displayed in an endoscopic image display area of the 
endoscope monitor 5. 
The endoscopic image signal is also inputted in the PC 

proper 7 serving as an image processing/motor control appa 
ratus which performs image processing and motor control (or 
bending control). The endoscopic image signal is used there 
for image processing to detect position information needed to 
insert the distal end of the insertion portion 9 along the run 
ning direction of the body cavity. 

Also, in the insertion portion 9 of the endoscope 2 accord 
ing to the present embodiment, to detect insertion shape (also 
referred to as endoscope shape) of the insertion portion 9. 
multiple UPD coils (hereinafter simply referred to as coils) 
36a, 36b, 36c. 36d. . . . serving as position information gen 
erating means which generates respective position informa 
tion are arranged, for example, at predetermined intervals 
from the distal end portion 10 to an appropriate position in the 
flexible portion 19. 
The coils 36a,36b,36c,36d. ... are, for example, magnetic 

field generating coils which generate magnetic fields. By 
detecting coil positions of the coils 36a, 36b, 36c, 36d. . . . , it 
is possible to calculate the insertion shape of the insertion 
portion 9. 

In particular, by detecting the positions of multiple coils, 
for example, 36a and 36b in a distal end portion of the inser 
tion portion 9, it is possible to detect not only distal end 
position of the insertion portion 9, but also an axial direction 
of the insertion portion 9 as the insertion shape. In the 
example of FIG. 3, the coil 36c is placed in the bending 
portion 18 and the coil 36d is placed at the rear end of the 
bending portion 18. 

In this way, by detecting the positions of the coils 36a,36b, 
36c. 36d. ... arranged on a distal side of the insertion portion 
9, it is possible to detect bent shape of the distal end portion 10 
and the bending portion 18. Incidentally, coil arrangement is 
not limited to the example shown in FIG. 3. 

According the present embodiment, using position of the 
rear end of the bending portion 18 (position of the coil 36d. in 
the example of FIG.3) as a reference (coordinate) position (as 
described later), a map is generated to associate driving posi 
tions (specifically, rotational drive angles and pulley angles) 
of the bending drive means and three-dimensional positions 
of the distal end of the insertion portion 9 with each other by 
bending the bending portion 18 in all directions in which the 
bending portion 18 is bendable-up and down and left-and 
right. 

Using the map information and based on a current position 
and direction of the distal end of the insertion portion 9, the 
present embodiment makes it possible to perform control 
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6 
accurately in a short time so as to turn the distal side of the 
insertion portion 9 into a direction of the target position, Such 
as a dark part, to which the operator wants to bend the bending 
portion 18. 

FIG. 4 shows the distal side of the insertion portion 9 in 
enlarged form. The coils 36a, 36b,36c, 36d. ... are arranged 
on the distal side of the insertion portion 9. 
As shown in FIG. 4, in addition to the coils 36a, 36b, 36c, 

and 36d arranged along the longitudinal axis, a coil 36a 
orthogonal, for example, to the coil 36a placed on the longi 
tudinal axis is placed adjacent to the coil 36a in the distal end 
portion 10 with a solenoid axis (axis of an winding) of the coil 
36a' turned into an upward bending direction (referred to as 
the Up bending direction or simply as the Up direction) when 
the bending portion 18 is bent. 

In this case, windings of the coil 36a and coil 36a' are 
orthogonal to each other. However, this is not restrictive, and 
the windings of the coil 36a and coil 36a' may be placed 
parallel to each other. 

With this arrangement, by detecting the positions of the 
coils 36a, 36b, 36c, 36d. 36a', . . . , it is possible to detect 
(estimate) not only the position and axial direction of the 
distal end portion 10, but also a direction around an axis of the 
distal end portion 10 (the Up direction, and an upward direc 
tion of the CCD33) as insertion shape of the endoscope. 

In this way, by detecting insertion shape on a distal side of 
the endoscope including information about the bending direc 
tion of the distal side of the endoscope using coil position 
detecting means, it is possible to detect (estimate) bent con 
dition of the bending portion 18 with the endoscope inserted. 
This makes it easy to perform bending control of the bending 
portion 18 so as to turn the distal side of the endoscope in the 
direction of the target position Such as a dark part. 
A cable on a rear side of the coils 36a,36b, 36c, 36d. ... is 

connected to the UPD apparatus 11. 
The UPD apparatus 11 shown in FIG. 1 includes a UPD 

drive circuit (not shown) and sense coil unit 11a, where the 
UPD drive circuit generates magnetic fields by applying a 
drive signal of a predetermined frequency to the coils 36a, 
36b, 36c. ... and the sense coil unit 1a is made up of multiple 
sense coils arranged in a predetermined positional relation 
ship to detect magnetic fields. 

Also, the UPD apparatus 11 includes a position detecting 
unit 11b (see FIG. 2) which detects (calculates) positions of 
the coils 36a,36b,36c. ... based on detection signals from the 
multiple sense coils, an insertion shape calculation/display 
processing circuit 11c which calculates the insertion shape of 
the insertion portion 9 (endoscope 2) based on position infor 
mation about the coils 36a,36b,36c. ... and performs display 
processing of the calculated insertion shape, and a shape 
display monitor 11d which displays the insertion shape. 

Incidentally, at least the sense coil unit 11a in the UPD 
apparatus 11 is placed near the bed 12 shown in FIG. 1 to 
detect three-dimensional coordinate positions of the coils 
36a, 36b, 36c. . . . in a world coordinate system, i.e., in a 
coordinate system which covers a three-dimensional domain 
where the insertion portion 9 is inserted in the patient 13 lying 
on the bed 12. 
An amount-of-twist detecting unit 23 which detects the 

amount of twist of the insertion portion 9 as shown in FIG. 1 
is not strictly necessary if a specific bearing (e.g., the Up 
direction) of the distal end portion 10 can be detected by the 
coil 36a' shown in FIG. 3. 

FIG. 5 shows an example of insertion shape generated by 
the UPD apparatus 11. As shown in FIG. 5, in the three 
dimensional coordinate system, the positions (Xji, Yii, Ziji) 
(where i=a, b, ...,m) of the coils 36a,36b, 36c. ... inframes 
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(where 0, 1,2,...) are calculated, and the insertion shape 
is generated by joining the calculated positions. 

Data on the insertion shape including the positions of the 
coils 36a,36b,36c, 36d,...detected by the UPDapparatus 11 
is configured as frame data on the individual frames (i.e., 0th 
frame data, 1st frame data, . . . ) as shown in FIG. 6A, and 
transmitted in sequence to the PC proper 7. 

The frame data of each frame serving as insertion state 
information includes creation time of the insertion shape data, 
display properties, Supplementary information, three-dimen 
sional coordinate data of the coil (coil coordinate data), and 
the like as shown in FIG. 6B. 

The coil coordinate data represents three-dimensional 
coordinates of the coils 36a, 36b, 36c. 36d. . . . arranged in 
sequence from distal side to proximal side (nearer to the 
operation portion 14) of the insertion portion 9 as shown in 
FIG. 6C. 
On the other hand, endoscopic images obtained by the 

image pickup apparatus 34 installed in the distal end portion 
10 vary with the amount of insertion of the insertion portion 
9 into a body cavity (lumen Such as the large intestine). 

Consequently, position information about a dark part in the 
lumen (also referred to as a luminal dark part) detected in the 
endoscopic images is transformed into the world coordinate 
system. The position information about the dark part corre 
sponds to the running direction of the lumen, and thus the 
position information provides a target position in an insertion 
direction along which the distal end of the insertion portion is 
inserted (introduced) deeper into the lumen, that is, a target 
position in the bending direction. 

Incidentally, the endoscope 2 is of a direct view type, 
meaning that an observation direction (image pickup direc 
tion) via the image pickup apparatus 34 installed in the distal 
end portion 10 is parallel to the longitudinal axis of the inser 
tion portion 9. Also, the observation direction via the image 
pickup apparatus 34 coincides with the insertion direction. 
The information about coil coordinate positions and coil 

directions of the coils 36a,36b,36c,36d. ... detected by a coil 
position detecting unit in the UPD apparatus 11 is also input 
ted in the PC proper 7 (see FIG. 7 described later). 
As shown schematically in FIG. 3, the bending portion 18 

is made up of multiple bending pieces rotatably coupled in a 
longitudinal direction of the bending portion 18. Also, bend 
ing wires 41 u, 41d. 41l, and 41r are passed through the 
insertion portion 9 along up, down, left, and right bending 
directions. Rear ends of the bending wires 41 u, 41d. 411 and 
41r are coupled, for example, to pulleys 42a and 42b of the 
motor unit 22 in the operation portion 14. 

In the operation portion 14, the up and down bending wires 
41u and 41d which are joined end to end are looped around 
the pulley 42a while the left and right bending wires 411 and 
41r which are joined end to end are looped around the pulley 
42b. 
The pulleys 42a and 42b are coupled, respectively, to rota 

tion axes of an UD motor 43a for up and down bending 
(driving) and Rn motor 43b for left and right bending (which 
may be referred to simply as motors 43a and 43b) and rotated 
according to rotational directions of the motors 43a and 43b 
which can rotate in forward and reverse directions. The 
motors 43a and 43b serving as up-and-down and left-and 
right bending drive means are controlled by the PC proper 7 
connected with the motor unit 22 as shown in FIG. 7. 

This configuration provides electrical bending drive means 
which rotates the pulleys 42a and 42b using the motors 43a 
and 43b to pull and relax (push-pull) the bending wires 41 u, 
41d. 411, and 41r, and thereby electrically drives and bends 
the bending portion 18. 
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8 
An amount of bending of the bending portion changes with 

amounts of rotation by which the pulleys 42a and 42b are 
rotated by the motors 43a and 43b, and the amounts of rota 
tion of the pulleys 42a and 42b are referred to as pulley 
angles. 

Rotation angles of the motors 43a and 43b (also referred to 
as motor angles) or the pulley angles are detected respec 
tively, for example, by an up/down rotary encoder (UD 
encoder) 44a and left/right rotary encoder (RL encoder 44b) 
mounted on the respective rotation axes of the motors 43a and 
43b and serving as rotation angle detecting means or rota 
tional position detecting means. Encoder outputs from the 
UD encoder 44a and RL encoder 44b are inputted in the PC 
proper 7 as shown in FIG. 7. 

In the automatic bending control mode, the motors 43a and 
43b in the motor unit 22 controls electrically-driven bending 
using map information (described later) and based on the 
target position estimated by the UPD apparatus 11 and 
received from the PC proper 7 and the current position and 
direction of the distal end portion 10 (of the endoscope). 
Thus, the PC proper 7 has a function of bending control 
CaS. 

Besides, the PC proper 7 calculates the target position 
through image processing (described later) to determine the 
target direction of bending. 

In the case of manual bending, when the operator moves 
the joystick 21 installed in the operation portion 14 and serv 
ing as bend command input means in a desired bending direc 
tion out of the up, down, left, and right directions, the PC 
proper 7 controls amounts of rotational driving of the motors 
43a and 43b (which correspond to the pulley angles of the 
pulleys 42a and 42b) so as to bring the encoder outputs into 
coincidence with the amount of operation of the joystick 21 
and thereby bends the bending portion 18 by the specified 
amount of bending. 

For that, the joystick 21 is equipped, for example, with an 
encoder or potentiometer (not shown) to detect amounts of 
tilting operations in an up-and-down direction and left-and 
right direction. The encoder or potentiometer finds specified 
amount of bending and information about a specified direc 
tion. In this case, the PC proper 7 performs bending control so 
as to simply bring the encoder outputs into coincidence with 
the specified amount of bending. 

FIG.7 shows a functional configuration of the PC proper 7. 
An endoscopic image signal from the processor 4 is stored as 
endoscopic image data in a memory 52 via an A/D converter 
circuit 51 in the PC proper 7. 

Information about coil coordinates and directions Supplied 
from the UPD apparatus 11 is stored in the memory 52 via a 
coil information acquisition thread 53 as endoscope shape 
parameters, specifically, as data on coil coordinate positions, 
coil directions, and the distal ends Up direction. 
The endoscopic image data and endoscope shape param 

eter data are outputted to a main processing unit (or main 
thread) 55 formed by a CPU. 

Incidentally, the CPU may be configured to perform not 
only processes of the main processing unit 55, but also other 
processes Such as processes of an amount-of-bending control 
thread 56 described later. Alternatively, the main processing 
unit 55 in FIG.7 may be configured to perform the processes 
of the amount-of-bending control thread 56. 
The encoder outputs from the motor unit 22 of the endo 

Scope 2 are inputted in the amount-of-bending control thread 
56 which also accepts input of amount-of-bending parameter 
data generated by the main processing unit 55 and stored 
temporarily in the memory 52. 
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The amount-of-bending parameters include additional pull 
ley angles by which the pulley needs to be moved from the 
current pulley angles in a direction of the target position. The 
additional pulley angles are relative pulley angles given, for 
example, in the form of differential values (described later). 

Incidentally, as shown in a dotted box in FIG. 7, when the 
amount-of-twist detecting unit 23 is used, the relative amount 
of twist detected by the amount-of-twist detecting unit 23 is 
stored, for example, as one of the endoscope shape param 
eters in the memory 52 via an amount-of-twist acquisition 
thread 57. 

According the present embodiment, the memory 52 also 
stores information of a data map (lookup table) 58 obtained 
by measuring and digitizing a relationship between pulley 
angle positions and three-dimensional positions and direc 
tions of the endoscope’s distal end, where the pulley angle 
positions which are handled by the bending drive means 
correspond to the amount of bending (including bending 
directions) produced when the bending portion 18 is bent up 
and down or left and right. Thus, the memory 52 serves as 
map information storage means. 

Motor angles which are rotation angles of the motors 43a 
and 43b may be used instead of the pulley angles. Alterna 
tively, gear angles which are rotation angles of gears may be 
used if the pulleys 42a and 42b are rotationally driven via 
gears coupled to the rotation axes of the motors 43a and 43b. 

In that case, when the map 58 is generated, a reference 
(coordinate) position is established at Such a position of the 
insertion portion 9 that is located near the distal end of the 
insertion portion 9 and hardly affected when the bending 
portion 18 is bent. Specifically, the reference position is estab 
lished at the rear end of the bending portion 18. 

Consequently, data of the map 58 (the data is also referred 
to as map information) can be used commonly in any bent 
condition (condition of the pulley angles), provided that the 
same endoscope 2 is used. 

Incidentally, according to the present embodiment, the 
map information accommodates cases in which a bendable 
range of the bending portion 18 (i.e., maximum pulley angle) 
varies among different directions, such as between up-and 
down direction and left-and-right direction or between up and 
down directions. Also, the map information accommodates 
bending not only in four directions of up, down, left, and 
right, but also in any intermediate direction, Such as direction 
between up and left directions. 

Also, data of the map information is generated using a 
predetermined bending direction as a reference direction. 
According to the present embodiment, for example, the map 
information is generated with bending in the up direction (U 
or Up) represented by a y axis on the map 58 (described later). 
When the distal end of the endoscope is bent (or oriented) 

in the intended direction using the map information, the coor 
dinate system and target direction of the endoscope's distal 
end are matched to the coordinate system of the map infor 
mation. 

Also, as described with reference to FIG. 8, using the map 
information and based on the current shape information about 
the distal end of the endoscope, the main processing unit 55 
calculates the pulley angles to bend the bending portion 18 in 
the direction of the target position and sends the calculated 
pulley angles to the amount-of-bending control thread 56 via 
the memory 52. 

The amount-of-bending control thread 56 converts the cal 
culated pulley angles into motor Voltages (more specifically, 
a UD motor Voltage value and RL motor voltage value) and 
outputs the motor voltages to the UD motor 43a and RL motor 
43b in the motor unit 22. 
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FIG. 8 shows a functional configuration of the main pro 

cessing unit 55. 
As shown in FIG. 8, the main processing unit 55 has func 

tions of an intra-image target position detecting section 55a 
which detects the target position based on lumen information 
in an endoscopic image, an endoscope shape processing Sec 
tion 55b which detects the positions and directions of various 
parts of the endoscope using coil coordinates, and an amount 
of-twist calculating section 55c which calculates an absolute 
amount of twist from a relative amount of twist. The endo 
Scope shape processing section 55b has a function of position 
and direction detecting means which detects the position and 
direction of the endoscope's distal end. 

Incidentally, as shown in a dotted box, the amount-of-twist 
calculating section 55c performs its process when a relative 
amount of twist is inputted. 
The intra-image target position detecting section 55a 

detects a center position (or center of gravity position) of a 
dark part which corresponds to the running direction of the 
lumen in an endoscopic image, where the center position of 
the dark part is detected in the endoscopic image as two 
dimensional position information. 
The position of the dark part is detected by taking into 

consideration pixel size, focal length, and other values of the 
CCD33. Then, based on information about the position of the 
dark part in relation to the current distal end position of the 
insertion portion 9, the direction of the position of the dark 
part is detected as the insertion direction of the insertion 
portions distal end (endoscope’s distal end). 

In addition to the two-dimensional position information 
about the dark part, a three-dimensional position including a 
value in a depth dimension of the dark part is calculated, for 
example, by SFS-based image processing, where SFS stands 
for Shape From Shading which is a technique for shape recov 
ery from shading. The three-dimensional position informa 
tion is used as a target position to which the distal end of the 
insertion portion should be introduced (oriented). 
The target position detected by the intra-image target posi 

tion detecting section 55a is transformed into a target position 
in the world coordinate system by a coordinate system trans 
formation unit of the intra-image target position detecting 
section 55a. The direction of the resulting target position 
corresponds to the target direction in which the distal end of 
the insertion portion should be inserted. 
The resulting target position is outputted to an amount-of 

bending calculating section (pulley angle calculating portion) 
55d which calculates the amount of bending or pulley angles. 

Information about the positions and directions of various 
parts of the endoscope is inputted in the amount-of-bending 
calculating section 55d from the endoscope shape processing 
Section 55b. 

Also, the absolute amount of twist is inputted in the 
amount-of-bending calculating section 55d from the amount 
of-twist calculating section 55c The absolute amount of twist 
is not calculated if the amount-of-twist detecting unit 23 is not 
installed. 
The rotation angle by which the insertion portion 9 is 

rotated around its axis is detected based on the amount of 
twist detected by the amount-of-twist detecting unit 23. Inci 
dentally, even if the amount-of-twist detecting unit 23 is not 
installed, the bending direction of the endoscope's distal end 
can be calculated by detecting the positions of the coils 36a 
and 36a' shown in FIG. 4 (without using the amount of twist 
because the Up direction can be detected). 
The amount-of-bending calculating section 55d calculates 

the current bent condition of the endoscope's distal end from 
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information about the position and direction of the endo 
scope's distal end out of inputted information with reference 
to the map information. 

After calculating the current bent condition, the amount 
of-bending calculating section 55d calculates the pulley 
angles used to bend the distal end of the endoscope from the 
current bent condition toward the target position, with refer 
ence to the map information. 

That is, using the map information, the amount-of-bending 
calculating section 55d serves as calculating means for cal 
culating the current position and direction of the endoscope's 
distal end and calculating means for calculating the direction 
of the target position. 
The calculated pulley angles are outputted as additional 

pulley angles to the amount-of-bending control thread 56 via 
the memory 52. The amount-of-bending control thread 56 
converts the additional pulley angles into motor Voltages (UD 
motor Voltage value and RL motor Voltage) and applies the 
motor voltages to the UD motor 43a and RL motor 43b in the 
motor unit 22. 
As the UD motor 43a and RL motor 43b are driven rota 

tionally, the bending portion 18 is bent so as to bring the distal 
end of the endoscope into coincidence with the direction of 
the target position. 

Next, the process of creating the map 58 used for bending 
control will be described with reference to FIG. 9. Inciden 
tally, the map 58 is created before the endoscope is shipped, 
for example, from the factory. 
As shown in FIG. 9, in Step S1, a map creator sets the 

pulley angles (01.02) in the up-and-down and left-and-right 
directions using the pulley angle 01 in the up-and-down direc 
tion and pulley angle 02 in the left-and-right direction. 

In FIG. 10, to carry out Step S1 concretely, representative 
pulley angle values are specified as positions on the map. FIG. 
10 shows an example of the map used in Step S1. The map is 
made, for example, of a tetragonal lattice (grid). When the 
process in FIG. 9 is finished, the map 58 is completed. 

In FIG. 10, with an originat (0,0), the pulley angle 01 in the 
up-and-down direction (denoted by Up and D) and pulley 
angle 02 in the left-and-right direction (denoted by L and R) 
can be specified within a range of bending characteristics of 
the endoscope 2 used actually. 

For example, in FIG. 10, actually available pulley angle 
ranges are from ODm to 0Um for the pulley angle 01 in the 
up-and-down direction, and from 0Lm to ORm for the pulley 
angle 02 in the left-and-right direction. In this case, ODm and 
0Lm are defined as negative values. Also, according to the 
present embodiment, the upward direction (Up direction) is 
represented by the y axis as a reference direction of the map 
58, as shown in FIG. 10. 

In Step S1 (01i, 02i), for example, are actually set as the 
pulley angles (01, 02), where i and j represent the pulley 
angles on the grid. A display example is shown in FIG. 10. 

Incidentally, a grid offset value A0 of the pulley angle 
values is used in the flowchart (Step S4). 
By maintaining the pulley angles (01i, 02i) set in Step S1, 

the map creator measures coordinates and directions of the 
endoscope’s reference position and distal end position in Step 
S2. 

FIG. 11 shows an example of the endoscope’s reference 
position coordinates (X, Y, Zo), endoscope’s distal end 
position coordinates (Xij, Yij. Zij), and directions Do and Di 
at the given positions, measured in Step S2 with the pulley 
angles (01i, 02.j) maintained. Incidentally, in this case, for 
example, the direction Do contains information about the 
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12 
axial direction at the endoscope's reference position with 
reference to a specific direction of bending (specifically, the 
up direction of bending). 

In Step S3, three-dimensional relative coordinates and a 
relative direction of the endoscope's distal end with respect to 
the coordinates and direction of the endoscope’s reference 
position are calculated and written to appropriate map posi 
tions. 

Specifically, the relative coordinates (Xii-X,Yij-Yo, Zij 
Zo) and relative direction (Dij-Do) of the endoscope's distal 
end position are written to the position (map position or map 
data position) at a grid point for the pulley angles (01i, 02i) in 
FIG. 10, by being associated with each other. 

Although a single set of pulley angles (01i, 02i) has been 
described concretely, association is established similarly at 
other pulley angle values using the offset value A0 in a Sub 
Sequent Step. 

That is, with the endoscope's reference position in FIG. 11 
set as the origin and the direction at the origin set to 0, the 
values of the position coordinates and direction of the endo 
Scopers distal end are written to each map data position by 
being associated with each set of pulley angles (01i, 02.j). In 
other words, the values of the relative position coordinates 
and relative direction with respect to the endoscope's refer 
ence position are associated with the pulley angles. 

In Step S4, the map creator adds the offset value A0 to the 
pulley angles 01 and 02 to obtain pulley angles 01 and 02 at 
an adjacent grid position. 

In Step S5, the map creator determines whether the pulley 
angles 01 and 02 have exceeded the ranges of the pulley 
angles for the endoscope. If the ranges are not exceeded, the 
map creator returns to Step S1 and repeats processes of Steps 
S1 to S5. Actually, the processes of Steps S1 to S5 are 
repeated within the ranges of the pulley angles in the up-and 
down direction and left-and-right direction as long as the 
bending portion 18 can be bent. 
The map 58 is created in this way. The map 58 stores pulley 

angles (01i, 02i) at each map position in FIG. 10 by associ 
ating the corresponding relative coordinates (Xij-XYi-Yo, 
Zij-Z) and relative direction (Dij-Do) of the endoscope's 
distal end. 
When each data item in the map 58 is expressed in a 

three-dimensional coordinate system representing the endo 
scope's distal end, the map 58 presents a curved surface 
which represents a locus obtained by plotting the endoscope’s 
distal end position in the three-dimensional coordinate sys 
tem in the case where a bending portion 18 is bent. 

Also, the axial direction of the distal end at the endoscope's 
distal end position is digitized as direction information 
together with the position. 

Thus, on the map 58, by specifying the current position of 
the endoscope's distal end, it is possible to calculate the 
corresponding current direction of the endoscope's distal 
end. 

Incidentally, the procedures for creating the map 58 in FIG. 
9 may be automated. 
When the map 58 is expressed as a curved surface, the map 

58 as viewed in the U direction from the D direction of the 
endoscope's distal end (side view of the map) and the map 58 
as viewed in the L direction from the R direction of the 
endoscope’s distal end (side view of the map) are shown in 
FIGS. 12A and 12B, respectively. 

Incidentally, in FIGS. 12A and 12B, a line segment which 
represents the direction of the endoscope's distal end is 
shown three-dimensionally. Part of the map 58 viewed from a 
direction different from the directions in FIGS. 12A and 12B 
is schematically shown by way of example in FIG. 17. In FIG. 
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17, a line segment which represents the direction of the endo 
scope's distal end in FIGS. 12A and 122B is shown vectori 
ally by attaching an arrow to an end of the line segment. 

Although it has been stated that the map 58 is created 
before shipment from the factory, this is not restrictive, and a 
program for creating a map 58 may be stored in the PC proper 
7 so that the PC proper 7 will create a map 58 according to the 
program. Alternatively, a program for creating a map 58 may 
be transferred to the endoscope system 1 which does not have 
a map 58, allowing the endoscope system 1 to create a map 58. 
In this way, the endoscope system I may be provided with 
means of creating a map 58. 

Next, operation of bending control performed by the main 
processing unit 55 using the map information (generated as 
described above) in the present embodiment will be described 
with reference to FIG. 13. 

First, initialization is performed in Step S11. Next, in Step 
S12, the main processing unit 55 acquires coil information 
about the coils 36a, 36b, 36c . . . arranged in the insertion 
portion 9, i.e., information about coil positions. 

In Step S13, the CPU functioning as the main processing 
unit 55 calculates the position and direction of the endo 
Scope's distal end based on the information about coil posi 
tions. In Step S14, the CPU acquires image data of an endo 
Scopic image. 

In Step S15, the CPU corrects distortion in image data. 
Specifically, the CPU corrects distortion in image data 
obtained by the objective lens 32, which is prone to distortion 
aberrations. 

In Step S16, using the endoscopic image, the CPU detects 
a target position to pass through the distal end of the endo 
scope. Specifically, the CPU detects the position of aluminal 
dark part. 

In Step S17, the CPU transforms the target position 
detected in Step S16, which is two-dimensional position 
information, into three-dimensional coordinates using the 
SFS technique or the like. 

In Step S18, using the map information, the CPU calculates 
target pulley angles (described later with reference to FIG. 
14) which correspond to the bending direction to bring the 
direction of the endoscope's distal end into coincidence with 
the direction of the target position (or orient the distal end in 
the direction of the target position). 

In Step S19, the CPU calculates motor voltages corre 
sponding to the calculated target pulley angles. The calcula 
tion is performed as a process of the amount-of-bending 
control thread 56 in the exemplary configuration shown in 
FIG. 7. The calculated motor voltages are applied to the 
motors 43a and 43b in the motor unit 22 to electrically drive 
and bend the bending portion 18 through rotation of the 
motors 43a and 43b. 

Next, the process of calculating the target pulley angles 
will be described with reference to FIG. 14. 

First, in Step S21, the CPU functioning as the main pro 
cessing unit 55 transforms the coordinates of the target posi 
tion into relative coordinates defined with respect to the endo 
Scope's reference position. 

Next, in Step S22, the CPU performs a transformation such 
that the Up direction on the distal side of the endoscope will 
coincide with the y axis and that the axial direction of a coil 
position B will coincide with the Z axis. This constitutes 
transformation conditions or setting conditions for a match to 
a coordinate system of the map 58 which is to be used. This 
can be understood readily from the process used to create the 
map 58. 

FIG. 15 illustrates the process of Step S22. In Step S21, the 
distal side of the endoscope is generally in a state shown in 
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FIG. 15. Incidentally, the coil position B coincides with a 
reference position at the rear end of the bending portion as 
shown in FIG. 15. 
As shown in FIG. 15, a position A of the endoseope's distal 

end (represented concretely by a coil at the distal end) is 
located on the map 58 (the curved surface of the map), and 
generally the Up direction of the endoscope in this state does 
not coincide with the Up direction of the map 58. 

Therefore, a rotational transform is performed such that the 
Up direction of the endoscope will coincide with a reference 
direction (for example, they axis) predefined as the Up direc 
tion of the map 58. As a result of the transform, the target 
position also moves as indicated by an arrow in FIG. 15. The 
rotation can be performed easily using a quaternion. 
AC axis orthogonal to the Up direction of the endoscope's 

distal end and they axis of the map 58 in FIG. 15 is defined as 
shown in FIG. 16. Then, the Up direction of the endoscope's 
distal end and the y-axis direction of the map 58 are brought 
into coincidence with each other by rotating them around the 
C axis by a rotation angle (p. 
As shown in FIG. 16, the rotation by the rotation angle (p 

moves the coil position A at the distal end to a position 
denoted by reference numeral B'. A quaternion generated 
using a direction vector, which defines the C axis, and the 
rotation angle (p makes it easy to transform the coil position A 
at the distal end. A similar transformation is performed so as 
to bring the axial direction of the resulting coil position B' into 
coincidence with the Z axis. 

After the process of Step S22 in FIG. 14, the CPU calcu 
lates position coordinates (e.g., consecutive coordinates) on 
the map coordinate system corresponding to the direction of 
the target position in Step S23. 

Specifically, the CPU identifies a position (position and 
direction of the endoscope's distal end) on the map which best 
approximates the direction of the target position. The process 
of Step S23 belongs to the direction-of-the-target-position 
calculating unit. 

After calculating a map position which approximates the 
direction of the target position in Steps S21 to S23, the CPU 
similarly processes the current distal end of the endoscope in 
Steps S24 to S26 to calculate the corresponding position on 
the map. 

Specifically, in Step S24, the CPU transforms the coordi 
nates of the endoscope’s distal end into relative coordinates 
defined with respect to the endoscope's reference position. 
Next, in Step S25, the CPU performs a transformation such 
that the Up direction of the endoscope will coincide with the 
y axis and that the axial direction of the coil position B will 
coincide with the Z axis. 

In Step S26, the CPU calculates position coordinates (e.g., 
consecutive coordinates) on the map coordinate system cor 
responding to the position of the endoscope’s distal end. Step 
S26 makes it possible to calculate the direction in which the 
current position of the endoscope's distal end should be ori 
ented. Step S26 belongs to the direction-of-the-distal-end 
calculating unit. 

In Step S27, the CPU calculates values of the target pulley 
angles based on the map coordinates. 

FIG. 17 shows how the target pulley angles are calculated 
in Step S27. As shown, for example, in FIG. 17, using the 
current distal end of the endoseope (coordinates Pp, direction 
Dp) identified in Step S26, corresponding pulley angles (0a, 
0b) are calculated as current absolute pulley angle values. 

Also, in Step S23, target position pulley angles (0c, 0d) 
corresponding to the target position are calculated as absolute 
pulley angle values. 
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Differential values between the absolute pulley angle val 
ues, i.e., relative pulley angles (0c-0a, 0d.-0b), are calculated 
as target pulley angles. The target pulley angles are set as a 
bending control target (shown in Step S18 in FIG. 13) and 
used for bending control in moving the distal end of the 
endoscope from the current position to the target position. 
As can be seen from the process in Step S27, to bend the 

distal end of the endoscope from the current state (generally 
a bent state) toward the target position, the amount of bending 
(driving) is determined from the differential values (i.e., rela 
tive values) between the pulley angles (0a, 0b) corresponding 
to the current bent condition and the pulley angles (0c, 0d) 
corresponding to the target position. 

Therefore, even if the bending wire is extended due to 
repeated bending operations or aging, causing misalignment 
(displacement of the reference position) which involves a 
discrepancy between the amount of bending operation on the 
hand side and the amount of bending on the distal side, the use 
of relative values in determining the amount of electrically 
driven bending enables accurate bending control. 
As a further note, for bending from the current position and 

direction of the endoscope’s distal end toward a target posi 
tion of bending, for example, the pulley angle values corre 
sponding to the current position and direction of the endo 
scope's distal end on the map 58 are used instead of the actual 
pulley angle values on the hand side. 

Consequently, the use of relative values calculated from the 
map 58 enables accurate bending control even if the bending 
wire is extended, causing deviations in reference values 
which are based on the actual pulley angles on the hand side. 

Also, according to the present embodiment, three-dimen 
sional bending information about the bending portion 18 has 
been gathered by bending the bending portion 18 and digi 
tized as the map 58. Although it is possible to perform bend 
ing control by carrying out arithmetic operations and the like 
without using the map 58, the present embodiment makes it 
possible to perform bending control using simpler arithmetic 
operations. 

Also, since the use of the map 58 allows the direction and 
amount of bending to be calculated in a shorter time than 
when the map 58 is not used, the present embodiment enables 
highly responsive bending control. 

That is, the (data) map 58 is generated by digitizing the 
coordinate values of a large number of pulley angles pro 
duced by bending the bending portion 18 finely in the up, 
down, left, and right directions and three-dimensional posi 
tion and direction of the endoscope's distal end correspond 
ing to the coordinate values of each pulley angle. 

Consequently, if one of the coordinate values and the three 
dimensional positions and directions is known, the other can 
be read out easily. That is, the direction and amount of bend 
ing can be calculated easily in a short time without the need 
for complicated arithmetic operations. 

Also, when it becomes necessary to calculate directions 
and amounts of bending corresponding to values unavailable 
in the map 58, which contains discrete values, desired values 
can be calculated easily from available values close to the 
desired values using, for example, the Pseudo-Newton 
method which is an approximation method (approximate esti 
mation method). 

For example, as shown in FIG. 17, it is necessary to calcu 
late the target position's pulley angles (0c, 0d) corresponding 
to the direction of the target position on the coordinate system 
of the map 58 using the coordinates of the target position. In 
this case, since the position and pulley angle values at each 
grid point are known, amounts of deviation from the direction 
of the target position are determined at multiple grid points. 
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Then, values of a direction which reduces the three-dimen 

sional amounts of deviation to sufficiently small values are 
calculated as approximate values using the Pseudo-Newton 
method, making it possible to calculate the target positions 
pulley angles (0c, 0d) corresponding to the calculated direc 
tion. 

In this way, using the map information which is three 
dimensional information about bending information pro 
duced by bending the bending portion 18 on the distal side of 
the insertion portion 9, the present embodiment enables accu 
rate bending control. 

Also, as shown in FIG. 18, the present embodiment makes 
it easy to carry out a maneuver Such as holding down a fold of 
the intestinal tract by the distal end of the endoscope. 

That is, since the position and direction of the endoscope's 
distal end can be detected using the map 58, the present 
embodiment makes it easy to carry out a maneuver Such as 
holding down a fold 60 in the direction indicated by an arrow 
using the distal end of the endoscope (represented Schemati 
cally by the coil at the distal end) as shown in FIG. 18. 

If data is generated by reducing grid intervals in FIG. 10, 
target pulley angles and the like can be calculated using data 
on the grid (at data points of the map) almost without using 
interpolation or the like. 

Also, when a target position is located on the coordinate 
system of the map 58 or under similar conditions, using 
positions on the map 58, the differential values between the 
pulley angle values at the current position of the endoscope's 
distal end and the pulley angle values at the position corre 
sponding to the target position can be calculated as target 
pulley angles. 

Also, pulley angles on the map 58 may be calculated based 
on position information about the target position instead of 
using direction information about the target position. 

Incidentally, configuration shown in FIG. 19 may be used. 
FIG. 19 shows the endoscope 2 and PC proper 7 according a 
variation. As shown in the present variation, the endoscope 2 
may incorporate a map information storage unit 61 (of a 
non-volatile memory or the like) containing information of 
the map 58 described above. 
When the endoscope 2 is connected to the PC proper 7, a 

CPU 62 functioning as the main processing unit 55 and the 
like of the PC proper 7 may read information out of the map 
58 and store the information on a hard disk 63, the non 
volatile memory, or the memory 52 of the PC proper 7 in order 
to use the information in bending control. 

After use, the information of the map 58 may be stored on 
the. PC proper 7 by being associated with ID information 
possessed by the endoscope 2. 
The endoscope 2 includes an ID information generating 

unit (abbreviated to ID in FIG. 19) 64 which generates ID 
information unique to the endoscope 2. 

Incidentally, instead of being Stored on the endoscope 2, 
the information of the map 58 for the endoscope may be 
stored on the PC proper 7 together with the ID information on 
the endoscope 2. 

In the configuration shown in FIG. 19, ID information IDa 
is stored in pairs with map information MDa while ID infor 
mation IDb is stored in pairs with map information MDb. 
When the endoscope 2 is connected to the PC proper 7, the 

CPU 62 can read the ID information on the endoscope 2 and 
use the information of the map 58 corresponding to the ID 
information in bending control. 

Even when different endoscopes 2 are connected to the PC 
proper 7, using the map information, i.e., three-dimensional 
bending information about the bending of the bending portion 
18 of the currently connected endoscope 2, the present varia 
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tion enables accurate bending control. In other respects, the 
present variation provides the same advantages as those of the 
first embodiment. 

It should be noted that any embodiment obtained by com 
bining some of the features of the above embodiment and the 
like is also included in the present invention. 

What is claimed is: 
1. An endoscope system comprising: 
an endoscope in which a bending portion configured to be 

bendable is installed on a distal side of an insertion 
portion; 

a bending drive unit which drives and bends the bending 
portion electrically; 

a map information storage unit which stores map informa 
tion digitized by associating an amount of bending, 
including a bending direction, produced when the bend 
ing portion is bent and a three-dimensional position and 
direction of a distal end of the insertion portion corre 
sponding to the amount of bending with each other, with 
a position near a rear end of the bending portion being 
designated as a reference position; 

a position and direction detecting unit which detects the 
three-dimensional position and direction of the distal 
end of the insertion portion; and 

a bending control unit which controls electrically-driven 
bending performed by the bending drive unit so as to 
orient the distal end of the insertion portion into a target 
direction using the map information, based on the three 
dimensional position and direction detected by the posi 
tion and direction detecting unit. 

2. The endoscope system according to claim 1, wherein the 
map information storage unit stores the map information 
digitized by associating a plurality of amounts of bending 
produced when the bending portion is bent in an up-and-down 
direction and a left-and-right direction by a plurality of dif 
ferent angles and three-dimensional positions and directions 
of the distal end of the insertion portion corresponding to the 
plurality of amounts of bending with each other, with the 
position near the rear end of the bending portion being des 
ignated as the reference position. 

3. The endoscope system according to claim 1, wherein the 
amount of bending is represented by rotation angles of a 
plurality of motors or rotation angles of a plurality of pulleys 
rotated by the plurality of motors respectively, where the 
motors, being included in the bending drive unit, drive and 
bend the bending portion in different directions. 

4. The endoscope system according to claim 1, further 
comprising a target direction calculating unit which calcu 
lates the target direction from an endoscopic image picked up 
by an image pickup unit installed at the distal end of the 
insertion portion of the endoscope. 

5. The endoscope system according to claim 1, wherein the 
position and direction detecting unit detects the three-dimen 
sional position and direction of the distal end of the insertion 
portion by detecting positions of a plurality of magnetic field 
generating coils arranged on the distal side of the insertion 
portion. 

6. The endoscope system according to claim 1, wherein the 
bending control unit controls the bending drive unit so as to 
bend the bending portion by a relative angle corresponding to 
a differential value between values in two directions on a 
coordinate system of the map information, the two directions 
being the direction of the distal end of the insertion portion 
detected by the position and direction detecting unit and the 
target direction into which the distal end of the insertion 
portion is to be oriented. 
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7. The endoscope system according to claim 1, wherein the 

map information is stored in the map information storage unit 
by being associated with identification information about the 
endoscope. 

8. The endoscope system according to claim 1, further 
comprising an amount-of-twist detecting unit which detects 
an amount of twist of the insertion portion around an axial 
direction of the insertion portion. 

9. The endoscope system according to claim 1, further 
comprising a map creating unit which creates the map infor 
mation. 

10. The endoscope system according to claim 1, wherein 
the endoscope comprises the map information storage unit. 

11. An endoscope system comprising: 
an endoscope which includes, on a distal end side, an 

insertion portion equipped with a bending portion con 
figured to be bendable; 

a map information storage unit which stores map informa 
tion digitized about a locus of a three-dimensional posi 
tion and direction of a distal end of the insertion portion 
generated when the bending portion is bent, with a posi 
tion near a rear end of the bending portion being desig 
nated as a reference position; 

a direction-of-the-distal-end calculating unit which calcu 
lates, on a coordinate system of the map information, a 
current direction of the distal end of the insertion portion 
using the map information when a current three-dimen 
sional position of the distal end of the insertion portion is 
specified; 

a direction-of-the-target-position calculating unit which 
calculates, on a coordinate system of the map informa 
tion, a direction of the target position into which the 
distal end of the insertion portion is to be oriented using 
the map information; and 

a bending control unit which bends the bending portion to 
move the distal end of the insertion portion from the 
current position toward the target position based on cal 
culation results produced by the direction-of-the-distal 
end calculating unit and the direction-of-the-target-po 
sition calculating unit. 

12. The endoscope system according to claim 11, wherein 
the map information storage unit stores the map information 
digitized by associating a plurality of amounts of bending 
produced when the bending portion is bent in an up-and-down 
direction and a left-and-right direction by a plurality of dif 
ferent angles and three-dimensional positions and directions 
of the distal end of the insertion portion corresponding to the 
plurality of amounts of bending with each other, with the 
position near the rear end of the bending portion being des 
ignated as the reference position. 

13. The endoscope system according to claim 12, further 
comprising a bending drive unit which drives and bends the 
bending portion electrically. 

14. The endoscope system according to claim 13, wherein 
the amount of bending is represented by rotation angles of a 
plurality of motors or rotation angles of a plurality of pulleys 
rotated by the plurality of motors respectively, where the 
motors, being included in the bending drive unit, drive and 
bend the bending portion in different directions. 

15. The endoscope system according to claim 11, wherein 
the direction-of-the-distal-end calculating unit transforms a 
current three-dimensional position and direction of the distal 
end of the insertion portion from a coordinate system in which 
the current three-dimensional position and direction have 
been detected into a relative coordinate system with an origin 
at the reference position and matches the current three-di 
mensional position and direction to a coordinate system of the 
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map information before calculating a current direction of the 
distal end of the insertion portion on the coordinate system of 
the map information by specifying the current three-dimen 
sional position. 

16. The endoscope system according to claim 11, further 
comprising a target position calculating unit which calculates 
the target position from an endoscopic image picked up by an 
image pickup unit installed at the distal end of the insertion 
portion of the endoscope. 

17. The endoscope system according to claim 11, wherein 
the bending control unit performs control so as to bend the 
bending portion by a relative angle corresponding to a differ 
ential value between a value in the direction calculated by the 
direction-of-the-target-position calculating unit and a value 
in the direction calculated by the direction-of-the-distal-end 
calculating unit. 
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18. The endoscope system according to claim 11, wherein 

the current three-dimensional position of the distal end of the 
insertion portion is detected based on positions of magnetic 
field generating coils installed in the insertion portion. 

19. The endoscope system according to claim 11, wherein 
the map information is stored in the map information storage 
unit by being associated with identification information about 
the endoscope. 

20. The endoscope system according to claim 11, further 
comprising an amount-of-twist detecting unit which detects 
an amount of twist of the insertion portion around an axial 
direction of the insertion portion. 


